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Abstract. Soft set-like models deal with single argument approximate functions while hypersoft set, an exten- 
sion of the soft set, deals with multi-argument approximate functions. The soft set cannot handle situations 
when attributes are required to be further divided into disjoint attribute-valued sets. To overcome this situation, 
a hypersoft set has been developed. In different fields like decision making and medical diagnosis, many re- 
searchers developed models based on the soft set for the solution of many problems. But these models deal with 
only one expert who creates many problems for the users, primarily in designing questionnaires. To remove this 
discrepancy, we present a neutrosophic hypersoft expert set. This model not only solves the problem of dealing 
with one expert but also solves the problem of different parametric-valued sets parallel to different character- 
istics. In this study, we first introduce the concept of neutrosophic hypersoft expert sets, which is a amalgam 
of both structures i.e., neutrosophic set and hypersoft expert sets. Certain essential basic characteristics (i.e., 
subset, equal set, agree, disagree set, null set, whole relative set, and whole absolute set), aggregation opera- 
tions (i.e., complement, restricted union, extended intersection, AND and OR ), and results (i.e., idempotent, 
absorption, domination, identity, commutative, associative and distributive law ) are discussed with examples. 
Some hybrid structures of the neutrosophic hypersoft expert set are developed with illustrated examples. In 


the end, a decision-making application is presented for the validity of the proposed theory. 
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1. Introduction 


In some real-life issues in professional and information systems where we have a situation 
to deal with the truth-membership along with the falsity-membership for a correct description 
of an object in an uncertain and an ambiguous environment. Smarandache character- 
ized neutrosophic set as a generalization of classical sets, fuzzy set, intuitionistic fuzzy set. 


Membership functions are use to define fuzzy sets 4], while membership and non-membership 
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functions both are used for intuitionistic fuzzy sets |5| and are used for solving problems hav- 
ing the data of imprecise, indeterminacy and inconsistent. Neutrosophic set (NS) has wide 
applications in different fields like decision making, medical diagnosis, data bases, control the- 
ory and topology etc. Wang et al (6| introduced single valued neutrosophic set (SVNS) and 
presented its set operations and different properties. The use NS and its hybridized structures 
in various fields has been continuing quickly [7|- [32]. 

Molodtsov constructed soft set by taking the advantage of parameterization tool. Rah- 
man et al. conceptualized m-convexity (m-concavity) and (m, n)-convexity ((m, n)- 
concavity) on soft sets with some properties. Maji et al. made development by introducing 
fuzzy soft set to solve parametrization problems with uncertainty. Many researchers [38}- 
advanced this theory and used in many fields. Rahman et al. conceptualized (m-n)- 
convexity(concavity)on fuzzy soft set with applications in first and second senses. Alkhazaleh 
et al. made extensions in soft set by introducing soft and fuzzy soft expert sets. They 
used these structures for applications in decision-making problems(DMPs). Ihsan et al. 
conceptualized convexity on soft expert set and fuzzy soft expert set with certain properties. 
Broumi et al. conceptualized intuitionistic fuzzy soft expert set and made its use in DMPs. 
Mehmet et al. defined neutrosophic soft expert sets and applied it in DMPs. 

In 2018, Smarandache extended soft set to hypersoft set and used in daily life problems. 
In 2020, Saeed et al. advanced this theory and explained its structures. In 2020, Rahman 
et al. [53], worked on hypersoft set and introduced its some new structures like complex 
fuzzy hypersoft set. They also gave the concept of convexity (concavity) on it and proved its 
some basic properties. Ihsan et al. introduced the structures of hypersoft expert set 
and fuzzy hypersoft expert set with applications in DMPs. Kamaci and Saqlain worked 
on n-ary fuzzy hypersoft expert set and applied in real life problem. Kamaci gave hy- 
brid structures of hypersoft set and rough set and applied in DMPs. He introduced the 
structure of simplified neutrosophic multiplicative refined sets and their correlation coefficients 
with Application in medical pattern recognition. The neutrosophic soft set like structures have 
been investigated and applied in different fields like game theory and DMPs in (63}65). 
Having motivation from [33]- (50, new notions of neutrosophic hypersoft expert set are devel- 
oped and some hybrids of neutrosophic hypersoft expert set are established. 

The remaining portion of the paper is constructed as: Section 2 describes the basic definitions 
of soft set, fuzzy set, intuitionistic fuzzy set, neutrosophic set, fuzzy soft expert set, hypersoft 
set and relevant definitions used in the proposed work. Section 3, presents notions of fuzzy 
hypersoft expert set, neutrosophic hypersoft expert set with properties. Section 4, describes 


the set theoretic operations of NHSES. Section 5, presents the basic properties and laws of 
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NHSES. Section 6 shows the hybrids of NHSES. Section 7, presents an application in decision 


making and section 8 contains the conclusions of the paper. 


2. Preliminaries 


In this portion, some elementary definitions are presented from the literature. 
Suppose W be a set of experts and O be a set of opinions, T = F x W x O. Taking S C T 


and A as a set of universe with P(A) is the power set of universe, while parameters set is F. 


Definition 2.1. A set ”F,” is called a fuzzy set written as F, = {(7, B(’))|* € A} with 
B:A-—Tand B(f) represents the membership value of 7 € F,. 


Definition 2.2. A set” J” is called an intuitionistic fuzzy set written as J = {(4,< 
Z7(a),X7(a) >), |(@) € A} with Z7 : 13 A, X7 : 1 A and Z7(a), X7(G) represent the 
truth, falsity membership functions of @ € A satisfying the inequality 0 < Z7(a@) + X7(a@) <1. 


Definition 2.3. A neutrosophic set N in A is defined by 

N ={< y,(Tn(y), In(y), Fu (y)) >: y € F, Ty, Iv, Fn €]70,1*[} 

where Ty,Jy,Fn are truth, indeterminacy, and falsity membership functions and are real 
standard or nonstandard subsets of ]~0,1*|. Their sum does not have any restriction, that is, 
0- < Tn(y), In(y), Fv(y) < 3%. Here ]~0,1*| is named the nonstandard subset, which is the 
extension of real standard subsets [0, 1] where the nonstandard number 1* = 1+ ¢, 1 is named 
the standard part, and € is named the nonstandard part. ~0 = 0 —., 0 is the standard part 


and ¢€ is named the nonstandard part, where «¢ is closed to positive real number zero. 


Definition 2.4. A pair (Wy,F) is named as soft set and Wy, is characterized by a 
mapping 
Ua :Fo P(A} 


where P(A) is the power set of universe of discourse. 
Definition 2.5. Let C CF. A fuzzy soft set is a pair (R,C) and R is characterized as 
R:C3I 
where I* represents the collection of all fuzzy subsets of A. 
Definition 2.6. A soft expert set is a pair (®77, S) with ®y is characterized by a mapping 
®y:S — P(A) 


where S CF xW x O. 
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Definition 2.7. A fuzzy soft expert set is a pair (Vp, S) with Vp is characterized by a 
mapping 
Up: S314 


where S$ CF x W x O and [4 represents the collection of all fuzzy subsets of A. 


Definition 2.8. (6 Let K5,£L5 and Ma represent truth, indeterminacy and falsity membership 
functions, then 0 represents a single valued neutrosophic set such that 0 < Kg(G) + £La(GB) + 
Ma(B) < 3. While Ks, La, Ma € [0,1] for all 8 in A. 


Definition 2.9. 


Let 1, Ko, K3,..+., Xe, with e > 1, be € different characters having parrallel characteristics 


values are the sets A1, A2,A3,..--, Ne, With ApNAg = G, for p # q, and p,q € {1,2,3,...,e}. Then 
hypersoft expert set is a pair (Y,Z) with YT is characterized by a mapping 


YT:L— P(A) 
where L = Aq X Ag X AZ X wees x Ae. 
3. Neutrosophic Hypersoft Expert Set (NHSES) 


In this portion, neutrosophic hypersoft expert set has been developed with the help of 


existing concept of neutrosophic soft expert set and some basic properties are presented. 


Definition 3.1. Fuzzy Hypersoft Expert Set (FHSES) 
A pair (£,F) represents a FHSES with £ is characterized by a mapping 
€:F3I* 


I is being used a collection of all fuzzy subsets of A 
eFCH=ExExA 


e =  X 2x H3x.... x Hy where A; are different characteristics-valued sets parallel 


to different characteristics 2,;,7 = 1,2,3,...,p 
e © represents an expert set 


e A represents a conclusion set. 


Definition 3.2. Neutrosophic Hypersoft Expert Set (NHSES) 
A neutrosophic hypersoft expert set represents a pair (h,G) if 


h:G—owNF4 


with NF is being used as collection of all neutrosophic subsets of A and & C H = Ex (ExA. 
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Example 3.3. Assume that a worldwide organization expects to continue the assessment 
of specific experts about its sure items. Let A = {wy, w2,ws3,w4} be a set of products and 
JB, = {pi1, P12}, He = {po1, p22}, Hs = {p31, p32}, be different characteristics sets for different 


characteristics p;= simple to use, pg== nature, p3= modest. Now i = Ay x M2 x Hg 


ee VU= (P11, P21, P31), V2 = (P11, P21, P32), U3 = (p11, P22, P31), V4 = (p11, P22, P32), 


Us = (P12, P21, P31), V6 = (P12, P21, P32), U7 = (P12, P22, P31), Us = (p12, P22, P32) 
Now H=Ex Cx A. 


(v1, ¢, 0), (v1, ¢, 1), (v1, d, 0), (v1, d, 1), (v1, e, 0), (v1, e, 1), (ve, €, 0), (v2, ¢, 1), 
(v2, d, 0), (v2, d, 1), (v2, e, 0), (va, e, 1), (vs, ¢, 0), (v3, ¢, 1), (vs, d, 0), (vs, d, 1), 
(v3, €, 0), (ug, e, 1), (va, c, 0), (va, ec, 1), (v4, d, 0), (v4, d, 1), (va, e, 0), (v4, e, 1), 
| ee) ene nei ah eReir eee ae oaet, 
(v6, d, 0), (v6, d, 1), (v6, €, 0), (ve, €, 1), (v7, ¢, 0), (vz, ¢, 1), (v7, 4, 0), (v7, d, 1), 
(v7, e, 0), (v7, e, 1), (ug, c, 0), (vg, c, 1), (vg, d, 0), (vg, d, 1), (vg, e, 0), (vg, e, 1) 


let 
(v4, Cc, 0), (vi, ¢, 1), (v4, d, 0), (v1, d, 1), (v1, e, 0), (v1, €, ny 


G= (v2, C, 0), (v2, ¢, i), (ve, d, 0), (ve, d, 1), (v2, 0); (v2, €, 1) 


(v3, Cc, 0), (v3, Cc, 1), (v3, d, 0), (os; d, 1), (v3, €, 0), (v3, €, 1, 
be a subset of H and = {c,d,e, } be a set of specialists. 


Following check relates the varieties of three specialists: 


a _ WI w2 w3 wa 
hy = hw1,c, 1) { <0.2,0.5,0.4>? <0.7,0.2,0.5>? <0.5,0.4,0.6>? <0.1,0.3,0.6> 


hg = h(v1,d, 1) 


WI w2 W3 Wa 
<0.4,0.2,0.3>? <0.8,0.1,0.5>? <0.4,0.5,0.6>? <0.2,0.5,0.3> 


he = hei, 6,1).= 


Wi w2 w3 wa 
<0.7,0.2,0.3>? <0.5,0.3,0.6> 7 <0.6,0.3,0.7>? <0.3,0.5,0.6> 


hg =h (v2, ¢, 1) 


Wi w2 W3 Wa4 
<0.9,0.1,0.3>? <0.4,0.5,0.4>? <0.7,0.2,0.6>? <0.3,0.4,0.8> 


fis = R(vo, d, 1) 


Wi w2 W3 Wa4 
<0.4,0.5,0.6>? <0.8,0.1,0.7>? <0.3,0.6,0.5>? <0.2,0.6,0.7> 


= 
{ 
= 
= 
hg = hve, e, 1) ={ wi Ww wy wa 
= 
= 
= 
= 


<0.5,0.4,0.7>? <0.3,0.6,0.4>? <0.6,0.2,0.5>? <0.8,0.1,0.6> 


iz = h(v3,c, 1) 


WI w2 W3 Wa 
<0.2,0.7,0.5>° <0.9,0.1,0.4>° <0.4,0.5,0.7>? <0.5,0.4,0.8> 


hg = A(vg, d, 1) 


Wi Ww2 W3 Wa4 
<0.4,0.3,0.2> 7? <0.6,0.3,0.1> 7 <0.7,0.2,0.3> 7 <0.9,0.1,0.4> 


hg = h(v3, e, 1) 


Wi W2 W3 Wa 
<0.7,0.2,0.6>? <0.3,0.5,0.7>° <0.5,0.4,0.5>? <0.2,0.7,0.8> 


iyo = A(v1, ¢, 0) 


WI w2 W3 W4 
<0.3,0.2,0.1>? <0.2,0.4,0.5>? <0.4,0.5,0.8>? <0.1,0.8,0.3> 


ees OO i O_O ea iO Ors Oo” 


— — WI W2 W3 W4 
har = Aw, d, 0) { <0.1,0.8,0.45? <0.9,0.1,0.2>° <0.6,0.3,0.45 <0.2,0.7,0.55 
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haz = hv, e,0) = { DIV TVSS? LOIS 06S? L05,0.3 0.75? 05,040.65 } 
hig = Ava, ¢,0) = { EVANS? 050.6 07S? LV5 04085? 070.2095 \ 
hia = Ave, d,0) = { LVTOL05S? <0I0.6 04S? 090.1065) 040.5075 \ 
has = Avg, e,0) = { ZV60.2055? ZO70.2045? 050.3045? 203,070.55 \ 
hie = Rus, ¢,0) = { ZV.10.705S? LOAVS OTS? LV70.2095' 080.2045 \ 
hy = Rus, d,0) = { ZVT0-TOAS? Z090.1065? 080.2045? 203,050.75 \ 
has = hus, e,0) = { DS VAVIS’ LV5,0.6 01S? 20.60.3025’ <010.8 055 \. 


The NHSES can be described as (h, G) = 


WI w2 W1 Ww2 
<0.2,0.5,0.4>? <0.7,0.2,0.5>? <0.4,0.2,0.3>? <0.8,0.1,0.5>? 
(v1, C, Lt), tule ie (v1, d, 1), w3 wa 
<0.5,0.4,0.6>? <0.1,0.3,0.6> <0.4,0.5,0.6>? <0.2,0.5,0.3> 
W1 w2 W1 Ww2 
<0.7,0.2,0.3>? <0.5,0.3,0.6>? <0.9,0.1,0.3>° <0.4,0.5,0.4> 7 
(Wipes 1), w3 wa (v2, ¢, 1); w3 wa 
<0.6,0.3,0.7>° <0.3,0.5,0.6> <0.7,0.2,0.6>° <0.3,0.4,0.8> 
WIL W2 WI w2 
<0.4,0.5,0.6>? <0.8,0.1,0.7>°? <0.5,0.4,0.7>? <0.3,0.6,0.4>” 
(v2, d, 1, w3 wa (v2, €, 1), w3 wa 
<0.3,0.6,0.5>° <0.2,0.6,0.7> <0.6,0.2,0.5>° <0.8,0.1,0.6> 
WI Ww2 W1 Ww2 
<0.2,0.7,0.5> <0.9,0.1,0.4>? <0.4,0.3,0.2>° <0.6,0.3,0.1>? 
(v3,¢, 1), a a (v3, d, 1), i 
<0.4,0.5,0.7>° <0.5,0.4,0.8> <0.7,0.2,0.3> 7 <0.9,0.1,0.4> 
W1 w2 WI w2 
<0.7,0.2,0.6>? <0.3,0.5,0.7>” <0.3,0.2,0.1>? <0.2,0.4,0.5>? 
(v3, €, 1), w3 wa (v1, €; 0), W3, wa 
<0.5,0.4,0.5>° <0.2,0.7,0.8> <0.4,0.5,0.8>? <0.1,0.8,0.3> 
W1 w2 W1 Ww2 
<0.1,0.8,0.4>° <0.9,0.1,0.2>° <0.2,0.7,0.5>? <0.1,0.8,0.6>” 
(ey, a, 0), w3 wa (v1, e,0), we wa 
<0.6,0.3,0.4>° <0.2,0.7,0.5> <0.3,0.5,0.7>° <0.5,0.4,0.6> 
WI we W1 Ww2 
<0.8,0.1,0.6>° <0.3,0.6,0.7>° <0.7,0.2,0.5>? <0.2,0.6,0.4>? 
(v2, ¢, 0), w3 wa (v2, d, 0), w3 ws 
<0.5,0.4,0.8>° <0.7,0.2,0.9> <0.9,0.1,0.6>? <0.4,0.5,0.7> 
W1 w2 W1 W2 
<0.6,0.2,0.5>? <0.7,0.2,0.4>” <0.1,0.7,0.5>° <0.4,0.5,0.7>?” 
(vo, e, 0), w3 wa (v3, C, 0), w3 Wa 
<0.3,0.5,0.4>° <0.2,0.7,0.6> <0.7,0.2,0.9>° <0.8,0.2,0.4> 
WI w2 WI Ww2 
<0.2,0.7,0.4>? <0.9,0.1,0.6>° <0.5,0.4,0.2>? <0.3,0.6,0.1> 7? 
(u3, d, 0), ws wa (v3, e, 0), we wa 
<0.8,0.2,0.4>° <0.3,0.5,0.7> <0.6,0.3,0.2>° <0.1,0.8,0.3> 


Definition 3.4. Neutrosophic Hypersoft Expert Subset 
A NHSES (f1,G) is said to be NHSE subset of (fi2,P), if 
(i) G CP, (ii) V y € G, Ax (7) C fie(7) and denoted by (h,, G) 


C (Ae, P). 
Example 3.5. Considering Example [3.3] with two NHSESs 

G, = { (v1, ¢, 1), (vg, c, 0), (v1, d, 1), (v3, d, 1), (vg, d, 0), (v1, e, 0), (v3, e, )} 
G2 = { (v1, ¢, 1), (v3, ¢, 0), (v3, ¢, 1), (v1, d, 1), (v3, d, 1), (v1, d, 0), (v3, d, 0), (v1, e, 0), (vs, e, 1), (v1, €, 1) ; 
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It is clear that G1 C Gg. Suppose (f1, G1) and (hz, G2) be defined as following 


(f,Gi) = 


(h2,G2) = 


(v1, ¢, 1) 2 3 
1, ’ Soha ee a] 
(v1, d, 1) Ww we Ww 
1, >| 030.4055? <06,0.40.65 <0.2,0.5,0.7S? <0.10.5,0.65 
(v d, 1) wi we W3 WA 
3) > | <0.2,0.6,0.45° <0.5,0.4,0.75’ <0.6,0.5,0.8>? <0.8,0.6,0.4 f }? 
(v3, €,1), | =p 04 035? 020.7065 20.40.5035? S10.7045 pf)» 
(v1,¢€ ,0) wi we w3 WA 
> | <0-1,0.6,0.35 <0.1,0.7,0.4> <0.2,0.7,0.65 <0.1,0.6,0.75 f } 
(v3, ¢ 0) WI we w3 WA 
>| SOLOS 065? 030.6055? 20603045’ <0.70.2065 f) > 
we W3 
05,4,0), | aprthrns coetioas: curtkoes: centton| ) 


W1 w2 W3 WA 
<0.2,0.3,0.6>° <0.7,0.4,0.7>? <0.5,0.4,0.8>? <0.2,0.4,0.5> 


wy w2 W3 Wa 
<0.1,0.3,0.4>’ <0.9,0.1,0.3>’ <0.4,0.5,0.4>° <0.5,0.3,0.4> ? 
Wy w2 W3 Wa 
<0.4,0.2,0.3> 7 <0.6,0.3,0.6>? <0.7,0.4,0.5>° <0.9,0.5,0.2 , 
Wi we W3 ‘Wa 


<0.7,0.2,0.4>? <0.5,0.2,0.6>? <0.6,0.2,0.7>? <0.3,0.5,0.8 


Wi W2 W3 WA 
<0.7,0.3,0.1>? <0.3,0.5,0.4>? <0.5,0.4,0.2>? <0.2,0.6,0.3> 


W1 wWw2 W3 Wa4 
<0.2,0.5,0.1>? <0.2,0.6,0.3>? <0.3,0.5,0.4>? <0.5,0.3,0.5> 
Wi w2 WA 
<0.1,0.6,0.4>? <0.9,0.1,0.6> ’ 603055? <0.2,0.6,0.8> 


=a0-FOAS? OEE SS UN UPL PEAS OES 
Wy w2 W3 Wa 
<0.2,0.5,0.1> 7 <0.7,0.2,0.3> 7? <0.8,0.2,0.4>? <0.3,0.5,0.2> 


which shows that (h1,G1) C (he, G2). 


Definition 3.6. Two NHSESs (fi, G ,) and (Az, G2) over A are said to be equal if (h,,G;) is 
a NHSE subset of (f2,Gz2) and (hz, G2) is a neutrosophic hypersoft expert subset of (hi, G1). 


Definition 3.7. The complement of a NHSES is characterized by as 


(h, G)° = G(h(c)) V ¢ € A while ¢ is a neutrosophic complement. 
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Example 3.8. Finding complement of NHSES find in [3.3] we have 


v1,C,1 wi w2 wa 
1, , ZOAVS OTS? LO508 07S 20.60.6055’ 20.60.7015 


WI w2 W3 WA 
<0.3,0.8,0.6> 7? <0.5,0.9,0.8> 7? <0.6,0.5,0.4>° <0.3,0.5,0.2> 


U1, 


? 


wW1 W2 W3 Wa 
<0.3,0.8,0.7>? <0.6,0.7,0.5>? <0.7,0.7,0.6>? <0.6,0.5,0.3> 


V1 ’ 


WI w2 W3 WA 
<0.3,0.9,0.9>’ <0.4,0.5,0.4>? <0.6,0.8,0.7>? <0.8,0.6,0.3> 


v2 ’ 


W1 Ww2 W3 Wa 
<0.6,0.5,0.4>’ <0.7,0.9,0.8>’ <0.5,0.4,0.3>? <0.7,0.4,0.2> 


’ 


v2 ’ 


Wy we W3 W4 
<0.7,0.6,0.5>’° <0.4,0.4,0.3>? <0.5,0.8,0.6>’° <0.6,0.9,0.8> 


wy w2 W3 Wa 
<0.5,0.3,0.2> 7 <0.4,0.9,0.9>? <0.7,0.5,0.4>° <0.8,0.6,0.5> 


: | 
: 
: 


U3 ’ 


Wi W2 W3 Wa 
<0.6,0.8,0.7>? <0.7,0.5,0.3>? <0.5,0.6,0.5>? <0.8,0.3,0.2> 


WI w2 W3 WA 
<0.1,0.8,0.3>° <0.5,0.6,0.2>? <0.8,0.5,0.4>? <0.3,0.2,0.1> 
Wy w2 W3 Wa 
<0.4,0.2,0.1>° <0.2,0.9,0.9>’ <0.4,0.7,0.6>? <0.5,0.3,0.2> 
Wy w2 W3 W4 
<0.5,0.3,0.2>’ <0.6,0.2,0.1>’ <0.7,0.5,0.3>? <0.6,0.6,0.5> 


U3 


? 


U1 


? 


VU 


U1 


? 


Wy w2 W3 W4 
<0.6,0.9,0.8>? <0.7,0.4,0.3>? <0.8,0.6,0.5>? <0.9,0.8,0.7> 


WI w2 W3 WA 
<0.5,0.8,0.7> 7 <0.4,0.4,0.2> 7 <0.6,0.9,0.9>° <0.7,0.5,0.4> 


Wi W2 W3 Wa 
<0.5,0.8,0.6>? <0.4,0.8,0.7>? <0.4,0.5,0.3>? <0.6,0.3,0.2> 
W1 W2 W3 Wa 
<0.5,0.3,0.1>? <0.7,0.5,0.3>? <0.9,0.8,0.8>’? <0.4,0.8,0.8> 


v2 


’ 


UV 


? 


v2 ’ 


U3 


) 
1) 
1) 
0) 
0) 
0) 


1 
2 
U3, 
1; 
2) 
) 


d,1 
coal 
a, 1 
d,0 
d,0 
d,0 


v Wi w2 W3 WA 
2 > | <0.4,0.3,0.2>° <0.6,0.9,0.9>’ <0.4,0.8,0.8>? <0.7,0.5,0.3> : 


v €, 0 Wy W2 W3 W4 
35 > | <0.2,0.6,0.5>° <0.1,0.4,0.3>% <0.2,0.7,0.6>? <0.3,0.2,0.1> 


( 

( ) 

(v1, e, 1) 

( 

( ) 

(v2, e, 1) 

( 

( ) 
(i, G)° = Ee 

( 

( yy 

(v1, €, 0) 

( 

( ) 

(v2, €, 0) 

( 

( ) 

( ) 


Definition 3.9. An agree-NHSES is described by as (h, B)ag = {hag(s) : 5 € Hx GE x {1}}. 


Example 3.10. Finding agree-NHSES calculated in [3.3] we get 


(v G1) w2 W3 Wa 
1 : BIO 04S? 703055? 0504065 <0.10.30.65 
(v d, 1) Wi w2 W3 WA 
1 2 V.40.2035? <080.1055? 0.405065? 0.205035 2 
(v1, € - WI w2 W3 wa 
> | <0.7,0.2,0.3> 7 <0.5,0.3,0.6>? <0.6,0.3,0.7> 7 <0.3,0.5,0.6> , 
y 20.9,0.1,0.35? 0.4,0.5,045? £0.7,0.2,0.05? <0.3,0.4,0.85 , 
—_ Wi w2 W3 WA 
(h,G) = as <0.4,0.5,0.6>’ <0.8,0.1,0.7>? <0.3,0.6,0.5>? <0.2,0.6,0.7> ). 
(v2, € ,1) WI w2 WA 
” SO EOALOTS? 050.6045 060.2055 2080.10.65 ? 
(v3, ¢ 1), BEV TO5S? LOGO 04S? LOL0807S' LO50L085 2 
35 ’ 0.40.3,.0.25) 060.3015? <07,0.2055 <0.90.1045 ; 
(v a W1 WwW2 W3 WA 
35 > | <0.7,0.2,0.6>’° <0.3,0.5,0.7>’ <0.5,0.4,0.5>° <0.2,0.7,0.8> 


Definition 3.11. A disagree-NHSES is described by as 
(h, FE) dag = 1 Fidag\S) :¢€ Hx Ex {O}}. 
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Example 3.12. Getting disagree-NHSES calculated in 3.3] 


WI w2 W3 Wa4 
> | <0.3,0.2,0.1>° <0.2,0.4,0.5>? <0.4,0.5,0.8> 7 <0.1,0.8,0.3> 


(v1,¢,0) \), 
( ), <0.1,0.8,0.4>° <0.9,0.1,0.2>? <0.6,0.3,0.4>? <0.2,0.7,0.5> ) 
(vi,e 0); BDIOTOSS? Aios0es” SORTS? 504065 

(v2, 0) 

(v2, 4, 0) 
(v2, ¢,0) 

(v3,¢,0) 

(51440) i) 
(v3, ¢,0) } 


Wi w2 w3 WA 
» | <0.8,0.1,0.6>’ <0.3,0.6,0.7>? <0.5,0.4,0.8>? <0.7,0.2,0.9> 


(h, G) a 


Wy w2 W3 Wa 
> | <0.7,0.2,0.5>° <0.2,0.6,0.4>’ <0.9,0.1,0.6>? <0.4,0.5,0.7> 


WI w2 W3 W4 
? | <0.6,0.2,0.5>° <0.7,0.2,0.4>° <0.3,0.5,0.4>° <0.2,0.7,0.6> 


WI w2 W3 WA 
> | <0.1,0.7,0.5>° <0.4,0.5,0.7> 7 <0.7,0.2,0.9> 7 <0.8,0.2,0.4> 


WI w2 W3 WA 
» | <0.2,0.7,0.4>° <0.9,0.1,0.6>? <0.8,0.2,0.4>? <0.3,0.5,0.7> 


Wy w2 W3 W4 
<0.5,0.4,0.2>° <0.3,0.6,0.1>° <0.6,0.3,0.25° <0.1,0.8,0.35 a 
Definition 3.13. A NHSES (f;,G;) is called a relative null NHSES w.r.t G; C G, denoted 
by (hi, G1) , if hi(g) = 0, VgeQG. 
Example 3.14. Considering Example [3.3 we 
(hi, G;) = {((w1, C, 1), 0), ((wa, d, F), 0), ((ws, €, Li 0)}. 
Definition 3.15. A NHSES (fe, G2) is called a relative whole NHSES w.r.t G2 C G, denoted 
by (hz, Ga)a , if hi(g) =A,Vg EQ. 


Example 3.16. Considering Example [3.3 we have 
(he, G2)a = {((w1, C, 1), A), ((we, d, 1), A), ((ws, e€, 1), A)} where G2 CG. 


Definition 3.17. A NHSES (h,G) is called absolute whole NHSES denoted by (h,G)a, if 
i(g) =A,VgeG. 


Example 3.18. Considering Example [3.3 we have 


((wy,¢,1),A) , (wi, d, 1), A), (ws, e,.1), A) , (Gg, ¢, 1), A), 
((w3,d, 1), A), ((ws,e, 1), A), ((ws,¢,1), A), ((ws,d, 1), A), 

(W,S)a =4% ((ws,e,1), A), ((wi,c, 0), A), ((w1, d,0), A), ((wi,e, 0), A), 
((w3,c,0), A), ((ws,d,0), A), ((ws3,e,0), A), ((ws,c,0), A), 
((ws, 4,0), A) , ((ws, e, 0), A) 


Proposition 3.19. Suppose (fi,Gi)a, (he,Ga)a, (h3,G3)a, be three NHSES-sets over A, 
then 

© (f1,G1) C (ha, Ga)a, 

e (fy, Gi)_ C (M1,G1), 

e (fy,G1) C (&,G), 

e If (fi,Gi) C (ha, Ga), and (hz, G2) C (fiz, G3), then (fi, Gi) C (h3,Sz3). 
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e If (h1,G1) = (ha, Go), and (ha, G2) = (hig, G3), then (fi1, G1) = (hg, G3). 


Proposition 3.20. If (h,G) is a NHSES over A, then 


(1) (A, G)°)° = (h,G) 
(2) (h, G)ig a (h, G)dag 


(3) (h, G)Gag = (A, Gag: 


4. Set Theoretic Operations of NHSES 


In this portion, some set theoretic operations are presented with detailed examples. 
Definition 4.1. The union of (f1,G) and (f2,R) over A is (f3, LL) with L = GUR, defined as 
hia(s ;¢€G-R 
h3(s) = hig(<) -cseER-G 


U(hi(s), fa(s)) 3° € GOR. 


where U(h(s), fa(s)) = {< u, max {v1 (6), v2(6)}, 1/2{r1(s) + v2(6)}, min {wn(s), w2(s)} >: 
u € A}. 


Example 4.2. Considering Example [3.3| we see 


Gi = { (v1, ¢, 1), (v3, ¢, 0), (v4, d, 1), (v3, d, as (u3, d, 0), (7460); (ug, €, i) 


Ge = { (v1, C, 1), (v3, C, 0), (v3, ¢, 1), (v1, d, 1), (v3, d, 1), (v1, €, 1), (u3, d, 0), (v1, e,0), (v3, €, 1), (v1, d, 0) : 


Suppose (f1, G1) and (hz, G2) over A are two NHSESs such that 


(v1,¢, 0 conn ZG0S0IS? AVS OIS? 108055 \), 
(v1, 4,1), ) <pa04055> 20603055? <05,0.5005? 0.108055 
(v3,4,1), 9 =oa06 07S 20.50.2035 060.3055? 080.1095 
(fi, G1) = (v3,€, 1), ) =peozods Soa0F 00S? LOLOs0SS? S10.5045 
(v1,€,9);, ) =prod05S) S007 00S? LOR07 04S? S04 0.6085 
(v3, ¢,0), eee 2050.60.75? 20.60.1035" ea 
(v3, 4,0), { oe SS} 
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Wi w2 W3 WA 
>) <0.2,0.3,0.4>° <0.7,0.4,0.5>° <0.5,0.4,0.6>? <0.2,0.4,0.7> 


W1 w2 WA 
<0.4,0.3,0.8>’ <0.8,0.3,0.5>? DaO305S" <0.2,0.6,0.7> 


SIO 06S° SO 0.LOTS? 40.085" 2050.30.55 ), 2 
WI Ww2 W3 Wa 


<0.4,0.2,0.3>° <0.6,0.3,0.5>’ <0.7,0.4,0.5>° <0.9,0.5,0.7 
Wy w2 W3 W4 


<0.7,0.2,0.3>? <0.5,0.2,0.4> 7 <0.6,0.2,0.4>? <0.3,0.5,0.6 
wi w2 w3 WA 


<0.7,0.3,0.7>? <0.3,0.5,0.6> 7 <0.5,0.4,0.3> 7 <0.2,0.6,0.4> 
Wi w2 w3 WA 


<0.2,0.5,0.4>’ <0.2,0.6,0.3>° <0.3,0.5,0.6>? <0.5,0.3,0.7> 
WI w2 W3 Wa 


<0.1,0.6,0.3>’ <0.9,0.1,0.2>’ <0.6,0.3,0.4>? <0.2,0.6,0.3> 
Wy W2 Wa 


<0.2,0.7,0.5>? <0.4,0.5,0.6> ” SOTO.2055" <0.8,0.1,0.4> 
wi w2 W3 wa 


( 
( 
( 
( 
( 
(hz, G2) = ] 
( 
( 
( 
( 


, 20.2,0.504S? 0.70.03 L080.2065? 03,050.75 
Then (fi1, Gi) U (hp, Ga) = (fz, G3) 


Wa 
{sonatas 070.3505" 05045015? <vatins|)+ 


Wi Ww2 W3 
<0.4,0.35,0.5>? <0.8,0.25,0.3>? <0.4,0.4,0.5>? a0 S035 


wi w2 
<0.1,0.30,0.6>° <0.9,0.10,0.7> 40.50.85" si 


aA sS: eGR AES O75 055° 50-5007 


TD 20055" 5020055? 6020045" 50-5006 


wi w2 W3 
<0.7,0.20,0.4>? <0.3,0.50,0.6>? <0.5,0.3,0.3> 7 =0.2,0.5,045 


WI w2 W3 
BD IOAOAS LOT0.65055? L050.6045? 205015075 


ib 60035" aa t0aS? En s004S? OPA ITUNES 
Wi Ww2 W3 
<0.2,0.65,0.5> 7 <0.4,0.55,0.6>? <0.7,0.15,0.2>? REARS ESS 


( 
( 
( 
( 
( 
(hg, G3) = 
( 
( 
( 
( 
( WI W2 y 
DIN600SS? S015 0S) S80 3004S) 3000065 


Definition 4.3. Restricted Union of two NHSESs (fh, G1) and (fz, G2) over A is (hg, L) with 
L = G,N Go, defined as fi3(¢) = fiz (¢) UR ha(s) for ¢ € Gt N Go. 


Example 4.4. Considering Example [3.3] we see 
G, — { (v1.61), (v3, 6,0), (v1.4, 1), (v3, 4,1), (v3, 4,0), (v1,€,0), (va, ¢, ie G2 = 
{ (v1, C, 1): (v3, C, 0), (v3, C, 1), (v1, d, 1), (v3, d, 1), (v1, d, 0), (v3, d, 0), (v1, e, 0), (v3, e, une (v1, e, i} 
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Suppose (fi, G1) and (hz, G2) over A are two NHSESs such that 


1,6) 4); shoes ae ae] 
(v1 d, 1) Wy w2 W3 
pee); DIOLOSS? EROS DOSOGS’ SOs 0sS 
3104); 20.20.60.7S? <050.2035' 0.603055’ 20.80.1095 
ss W1 w2 W3 WA 
(fi, Gi) = (v3, e, 1), <0.6,0.2,0.4>? <0.2,0.7,0.6>? <0.4,0.3,0.5>? <0.1,0.5,0.4> 
Wy w2 WA 
(v1,e,0), BDLOs0SS? DIT OES’ DDS’ DAVE VES 
(v3, ¢,0), DLOs0ds? DVIVSOTS’ DS0LOIS’ DTS 
W2 W3 
(v3, 4,0), | artnss: oaths: aortas: sorts } 


wy w2 W3 Wa 
<0.4,0.3,0.8> 7 <0.8,0.3,0.5>? <0.4,0.3,0.5>° <0.2,0.6,0.7> 


Wi we wW3 WA 
<0.1,0.3,0.6>° <0.9,0.1,0.7> 7 20.40.5085" <0.5,0.3,0.5> 


wi w2 W3 WA 
» | <0.4,0.2,0.3> 7 <0.6,0.3,0.5>? <0.7,0.4,0.5> 7 <0.9,0.5,0.7 , 
Wi w2 w3 wa 


<0.7,0.2,0.3> 7 <0.5,0.2,0.4>? <0.6,0.2,0.4>? <0.3,0.5,0.6 
Wi w2 w3 Wa 
<0.7,0.3,0.7>? <0.3,0.5,0.6>? <0.5,0.4,0.3> 7 <0.2,0.6,0.4> 


W1 w2 W4 
Di S04S DIVO0sS’ IOS 0ES’ EVI07S 


Wi we W3 WA 
<0.1,0.6,0.3>° <0.9,0.1,0.2>° <0.6, 0.3045 > <0.2,0.6,0.3> 


w2 w3 wa 
<0 ZO-T05S? <0.4,0.5,0.6>? <0.7,0.2,0.3> 7 <0.8,0.1,0.4> 


(ho, Go) = 


Wi w2 W3 WA 
> | <0.2,0.5,0.4>° <0.7,0.2,0.3>° <0.8,0.2,0.6>? <0.3,0.5,0.7> 


Then (fii, G1) Ur (fg, Go) = (Ag, L) 


W1 Ww2 Wa 
<0.2,0.45,0.4>? <0.7,0.35,0.2> ? sos OS’ LISS 


W3 
==: <0.4,0.4,0.5>’ aantisoss}). 


wi w2 W3 Wa 
<0.4,0.40,0.3>? <0.6,0.25,0.3>’ <0.7,0.35,0.5>? <0.9,0.30,0.7 2 
Wi w2 W4 
signe aie siege ae, : 
w3 
<0.7,0.20,0.4>? <0.3,0.50,0.6> ° astins aattns} 


W1 Ww2 W3 
<0.2,0.65,0.5>? <0.4,0.55,0.6>? <0.7,0.15,0.2>? <0.8,0.15,0.3> 


Wi we 
<0.2,0.60,0.3> 7 <0.8,0.15,0.2>? REAPS 30 600ES 


( 
( 
( 
( 
(fg, L) = 
( 
( 
( 


<0.2,0.60,0.4> *% <0.2,0.10,0.3> ” 5030045" = 


Proposition 4.5. If (fi1,G1),(h2,G2) and (hg,G3) are three NHSESs, then 
(1) (f1,Gi) U (he, G2) = (he, Ga) U (fi, Gi) 
(2) ((f1, Gi) U (ha, Ga)) U (fg, Gg) = (fi, Gi) U ((he, Ge) U (hig, N3)) 
(3) (h,G)U® = (h,G). 
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Definition 4.6. The intersection of two NHSESs (f1,G) and (hg, R) over A is (f3,L) with 
L=GNR, defined as 


hy(s) 
ha(s) = hy(s) 
N(fi(s), fa(s)) 3s€GNR 


where (Fi (s), f2(s)) = {< u, min {01(s),v2(s)}, 1/2{r1(s) + v2(6)}, max {wn(s), w2(s)} >: 
uc A}. 


Example 4.7. Reconsidering Example [3.3 we have 


Gy = { (Ui, GC 1), (v3, ¢, 0), (v1, d, 1), (v3, d, i; (v3, d, 0), (v1, e, 0), (v3, e, 1) 


Go = { (v1, C, 1); (vs, Cc, 0), (v3, ¢, 1); (v1, ths, 1); (v3, d, 1), (wi d, 0), (v3, d, 0), (v1, e, 0), (v3, e, 1); ; (v1, e, 1) 


Suppose (f;, G1) and (hg, G2) are two NHSESs over A such that 


1; 4 <0.1,0.6,0.45? <0.6,0.3,0.25? <0.40.5,015? <0.1,0.8,0.55 
(v d - Wi we W3 W4 
154, +)) 4 <0.3,0.4,0.5>? <0.6,0.2,0.3>? <0.2,0.5,0.6>? <0.1,0.5,0.3> f)? 
(v d 1) W1 w2 W3 WA 
314 1)5 ) =0.2,0.6,0.7>? <0.5,0.2,0.3>? <0.6,0.3,0.5>? <0.8,0.1,0.9> f)? 
— W1 Ww2 W3 WA 
(fy, Gi) = (v3, e, 1), <0.6,0.2,0.4>) <0.2,0.7,0.6>? <0.4,0.3,0.5>? <0.1,0.5,04> { }> 
(v e 0) W1 Ww2 W3 WA 
1,€,U); ) =0.1,0.3,0.5>? <0.1,0.7,0.6>? <0.2,0.7,04>° <0.4,0.6,0.8> f)? 
(v Cc 0) wW1 w2 w3 WA 
31 €:Y)s ) =0.1,0.6,0.9>? <0.3,0.6,0.7>’ <0.6,0.1,0.2>? <0.7,0.2,0.3> f)? 
Wi w2 W3 WA 
(v3, d, 0), { sunthnas: <0.8,0.1,0.2>) <0.7,0.2,0.4>” aratitoes }) 


we w3 
(v1,¢,1), {a 03,0.3,045? 0.704055) <0.50.40.65° ead 
(v1, d, 1), <0.4 1. > 0.8>? SO 3055 , io 3055 + <0.2 0. 6, 0.7> i" 
(v3,¢ a wy we w3 
+ | <0.1,0.3,0.6>° <0.9,0.1,0.7>° <0.4,0.5,0.8>° <0.5, 5 3, 0.5> 
(v d 1) wy we w3 wa 
35% 4*))) <04 ,0.2,0.3> 7 <0.6,0.3,0.5> 7 <0.7,0.4,0.5>° <0.9,0.5,0.7 
(v é 1) wi we w3 wa 
(h G ) = 1, ©) 4))) <0. 7,0.2,0.3>? <0.5,0.2,0.4>? <0.6,0.2,0.4>° <0.3,0.5,0.6 
25872 (v ‘ 1) wl w2 w3 wa 
35 &) 4))) <0, 7,0.3,0.7>? <0.3,0.5,0.6>? <0.5,0.4,0.3>? <0.2,0.6,0.4> 
(v e 0) W1 Ww2 W3 W4 
1, ©) 0) ) <0. 2,0.5,0.4>? <0.2,0.6,0.3>? <0.3,0.5,0.6>? <0.5,0.3,0.7> 
(v d 0) wy we w3 wa 
1,4, 0); | <01,0.6,0.3>? <0.9,0.1,02>' <0.6,0.3,04>? <0.2,0.6,0.3> 
(v3, ¢,0), eee Danses’ RW AUPRORSSE 801045 ‘ 
(v a 0); 4 we w3 wa 
3) , aS a Se] 
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Then (fi, Gi) M (hz, Ga) = (hg, G3) 


(v1.6, Vantin RAUEEAESS SAD As0eS? camitias |) 
(v1, d, 1) aT ws 
154) +)5 ) <0.3,0.35,0.8>° DENIS? 50.50.05" Din sos ’ 
(v d 1) WI we W3 Wa 
314, 4); ) <0.2,0.4,0.7>? <0.5,0.25,0.5>? <0.6,0.35,0.5>? <0.8,0.30,0.7> f )? 
— Wi w2 WA 
(hg, G3) = (v3, e, 1), 260.35,0.7S? <0.5,0.60065? <040.35055' <0.10.55045 ’ 
(v1, e, 0), Dini0ss? SLD es0GS? DID EOUES? iv is0sS ’ 
(v Cc 0) wi w2 W3 WA 
350 U)s ) <0.1,0.65,0.9>? <0.3,0.55,0.7>? <0.6,0.15,0.3>? <0.7,0.15,0.4> { )? 
(v3, d, 0) wy we _ 
34,0); Div00dS? 8015035? L070 3008S) T0007 ’ 


Definition 4.8. Extended intersection of two NHSESs (fi1,S) and (f2,R) over A is (Ag, L) 
with L = SUR, defined as 


ha (s) -csES—-R 
h3(s) = ho(s) -cER-S 
hy(s) N ha(s) > ESR. 


Example 4.9. Considering Example[3.3] we have 


G, = { (uy, 1), (U3, ¢, 0), (v4, d, Ly, (v3, d, 1), (u3, d, 0), (v1, e,0), (v3, e, 1) 


Ge = { (v4, Cc, ine (u3, Cc, 0), (U3, ¢, 1), (v4, d, 1), (v3, d, t), (v4, d, 0), (us, d, 0), (v1, €, 0), (v3, e€, ine (v1, e, 1) : 


Suppose (fi, G1) and (hz, G2) are two NHSESs over A such that 


(v1, ¢, 1) 2 ws 
1, ’ aha ae ee a] 
Ga d,1) wi w2 w3 
’ | USVAVSS? LVG0.3035? =I0.5 065? 010.5055 
35 >| 20.2,0.60.75? <0.5,0.2,0.35? <0.6,0.3,0.55? <0.8,0.1,0.95 
— WI w2 Ww3 WA 
(M1, G1) = (v3, € »), <0.6,0.2,0.4>? <0.2,0.7,0.6>? <0.4,0.3,0.5>? <0.1,0.5,0.4> f }? 
(v1,¢€ ,0) WI we wa 
>| ULO305S? V1.7 06S? VIO. 04S? 40.6085 f) > 
(v3,¢, 0), ae ean eee ee , 
3) ’ aa a | 
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(a5 6,1) _ w3 we 
1; , H20304>) 704055? 20504065? 204075 
w2 WA 
(v1.4, 14 DAV30SS? LOEOS 05S’ aati: sata) 
(v3,¢ 1), DLOs0ES? DOTLOTS’ VOLO SUES’ DOSOSUES 
(uv d,1) Wi we w3 wa 
3> > | <0.4,0.2,0.3> 7? <0.6,0.3,0.5>? <0.7,0.4,0.5>? <0.9,0.5,0.7 ’ 
(v1,e 1) wi we w3 wa 
(h G2) = ’ ZO70S03S) S0503045) 20603045) 03,0506 ’ 
25 hv2) = (v3, e sO) wi w2 w3 wa 
> | <0.7,0.3,0.7> 7 <0.3,0.5,0.6>? <0.5,0.4,0.3>? <0.2,0.6,0.4> ’ 
(v1,e ,0) wi we w3 wa 
>) <0.2,0.5,0.4>7 <0.2,0.6,0.3>’ <0.3,0.5,0.6>? <0.5,0.3,0.7> ; 
(v d,0) WI we w3 wa 
1; > | <0.1,0.6,0.3>? <0.9,0.1,0.2>? <0.6,0.3,0.4>’ <0.2,0.6,0.3> a 
(v3,¢ ,0) wy we wa 
; DIOy0Ss’ AVS0SS’ LTO R0SS’ SOLOS a 
(v d,0) we w3 wa 
3) , DIS 04S) DIV S035? VEO R08S’ 30 S07 


Then (fi1, Gi) Ng (he, G2) = (fg, L) 


(v Cc 1) W1 Ww2 W3 WA 
1s: “)> ) <0.1,0.6,0.45 <0.6,0.4,0.5>? <0.4,0.5,0.6>? <0.1,0.8,0.7> 2 
(v d 1) W1 w2 W3 WA 
1) @) *)> ) <03,0.4,0.8>? <0.6,0.3,0.5>° <0.2,0.5,0.6>° <0.1,0.6,0.7> f } ? 
(v d 1) Wy Ww2 W3 W4 
31 Oy A) 20.20.6,0.7S? <05,0.4055? <0.60.40.55? =0.80.1,0.75 2 
(v e 1) W1 W2 W3 W4 
39©)*)> ) <0.6,0.3,0.7>? <0.2,0.7,0.6>? <0.4,0.4,0.5>? <0.1,0.6,0.4> , 
Gi) Les Ms 20.1,05,0.55? =.1,0.6,0.65° 2.2,0.7,0.65? 204,060.85 , 
2 (uv C 0) W1 W2 W3 Wa 
35 V)s ) <0.1,0.7,0.9>? <0.3,0.6,0.7>? <0.6,0.2,0.3>? <0.7,0.2,0.4> ? 
Wy we Wa 
(vs, d, 0), SAO FOES? LO802 035? LO.702065 LOR07075 u 
14,0), 4 =ao6035° 2.901025" 20.60.3045" =0.2,0.6,0.35 ’ 
(uv € 0) wi w2 W3 WA 
1, ©) \)s ) <0.2,0.5,0.4>? <0.2,0.6,0.3>? <0.3,0.5,0.6>° <0.5,0.3,0.7> , 
(v C 1) W1 W2 W3 WA 
31) “)> ) <0.1,0.3,0.6>? <0.9,0.1,0.7>? <0.4,0.5,0.85° <0.5,0.3,0.5> ? 


Proposition 4.10. [f (fi1,G1),(h2, G2) and (h3,Gs3) are three NHSESs then 


(1) (Aa, Gi) N (he, G2) = (he, Ga) N (fh, G1) 
(2) ((f1, Gi) (ha, Ga)) N (hg, G3) = (fi, Gi) A ((h2, G2) N (Az, Ga) 
(3) (A, G)N¢ = ¢. 


Proposition 4.11. If (fi, G1),(h2, G2) and (hg, G3) are three NHSESs, then 


(1) (fi, G1) U ((R2, Ga) 9 (fiz, G3)) = 
((f1, G1) U ((A2, Ge)) A (fi, Gi) U (fiz, Gs)) 
(2) (Ai, G1) M (Rez, Ga) U (hg, G3)) = ((fi1, G1) A (he, G2)) U (fi, G1) N (hg, G3)). 


Definition 4.12. If (Ai, G1) and (hz, G2) are two NHSESs over A then (f1,G,) AND (fhe, G2) 
denoted by (fi, G1) A (hz, G2) is defined by 
(fi, G1) A (ha, Ge) = (fi3,Gi x G2), while fis(¢, y) = fia(s) 2 hia(7), V(s, 7) € Gi x Go. 
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Example 4.13. Considering Example [3.3 we have 


G, = { (Ci; C, 1), (v1, d, 1), (035, 0), Ge = { (v1, c, 0), (v3, C, yh. 
Suppose (f1, G1) and (hz, G2) over A are two NHSESs such that 


(v Cc 1) Wi we wW3 WA 
1,%) 473 <0.1,0.6,0.4>° <0.6,0.4,0.5>° <0.4,0.5,0.6>? <0.1,0.8,0.7> ; 


== Wi w2 W3 wa 
(t1,Gi) = (11,41), 4 ast <0.6,0.3,0.5>? <0.2,0.5,0.6>’ arttors}): 


Wi w2 W3 WA 
(v3, ¢,0),  <onehoas: <0.3,0.6,0.7>? <0.6,0.1,0.25° aurtinss }) 


(v Cc 0) Wi w2 W3 WA 
(h G ) —_ 1,4) Us <0.2,0.1,0.3>° <0.7,0.2,0.4>° <0.5,0.2,0.5>? <0.2,0.3,0.6> ; 
oa (v Cc 1) Wi w2 W3 Wa 

31 fA )) <0.1,0.5,0.6>?° <0.4,0.2,0.5>° <0.7,0.1,0.2>? <0.8,0.1,0.4> ; 


Then (hi, G1) A (hz, G2) — (h3, Gy Xx Go), 


= 
¢ 
LE 
ao) 
=) 


W1 Ww2 W3 Wa 
> | <0.1,0.35,0.4> 7 <0.6,0.30,0.5>? <0.4,0.35,0.6>? <0.1,0.55,0.7> , 


WI W2 
; ZOE0-25 08S? 06 0.25055? L07035005? 01045075 ? 


W1 
> | <0.1,0.45,0.8>° DEO I0ES? DI30085° Si035075 ” 


W1 w2 W3 Wa4 
> | <0.1,0.35,0.9>? <0.3,0.40,0.7>? <0.5,0.15,0.5>? <0.2,0.25,0.6> 2 


Wi we WA 
; BDiD SDDS? DIOS DEO’ DTDs vIS 


(v1, ¢, 1) ,0)) 
(( ) )) 
(( ) )) 
(v1, 6,1), (vs, e 1)), | o055065 0-4 0.30,055? £0.4,0.30,0.65? 20.1,0.45,0.75 f) > 
(( ) )) 
(( ) )) 


Definition 4.14. If (f;,G,) and (hz, G2) are two NHSESs over A, then (f1,G ,) OR (he, G2) 
denoted by (fi, G1) V (ha, G2) is defined by (1, Gi) V (he, Go) = (fig, Gi x Ge), while hg (6, y) = 
hy (0) U hio(7), V(6, 7) € G xX Go. 


Example 4.15. Considering Example [3.3| we see 
Gy = { (v1, Cc, De (v1, d, Lb) (U3, ¢, 0}, Go = { (v1, ¢,0), (vs, Cc, yh. 
Suppose (fi, G1) and (h2,Gz2) over A are two NHSESs such that 


(v Cc 1) Wi w2 w3 WA 
Ly% ys <0.1,0.6,0.4>’ <0.6,0.4,0.5>’ <0.4,0.5,0.6>? <0.1,0.8,0.7> ? 


_ WL w2 W3 Wa 
(fy, Gi) = (v1,d,1), <0.3,0.4,0.8>? <0.6,0.3,0.5>’ <0.2,0.5,0.6>? <0.1,0.6,0.7> ’ 


Wi we WA 
(v3, ¢, 0), <0.1,0.6,0.9>’ <0.3,0.6,0.7>? DEO LOES? <0.7,0.2,0.3> ) 


(v Cc 0) wi w2 w3 wa 
_ 1, ©)\')5 ) <0.2,0.1,0.3>? <0.7,0.2,0.4>? <0.5,0.2,0.5>? <0.2,0.3,0.6> ’ 
(ho, G2) = 


(uv Cc 1) Wi we wW3 WA 
310 A)) <0.1,0.5,0.6>° <0.4,0.2,0.5>° <0.7,0.1,0.2>? <0.8,0.1,0.4> ; 
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Then (h3, G3) V (h2, G2) _ (h3, G1 x G2), 


(v1.61), (1,69), | pan 3503s) 0<070.3004S? 05035055? <070.55 065 \) , 
(v1, 4,1), (v1,¢,0)), ) apap aspss: So70 OAS? S050 3505S? IOI 06> | ’ 
(fig, C1 x Ge) = ((v1,d, 1), (v3,¢,1)), ) apap asoes S00 2505S? SOT030 03S EO sOIS fp} 
(v1, 6,1), (v3, ¢,1)), | zorossoas <0.60.30,0.55? <0.70.300.25? 08045045 f)> 
((v3,¢,0),(v1,¢,0)), | oan seuss <O70.4004S? OG 01SOIS? O70 OSS f)> 
((v3,¢,0), (v3, ¢,1)), | aoroseoes <040.40055? 7010055? Osos 04S f)> 


Proposition 4.16. If (fii, G1),(h2, G2) and (hg,G3) are three NHSESs over A, then 
(1) ((A1,Gi) A (he, G2))* = ((f1, G1))° V ((h2, Ge))° 
(2) ((f1,Gi) V (Ae, G2))* = ((A1, G1))° A (ha, Ga))°. 


Proposition 4.17. If (f1,G1),(h2, G2) and (hg,G3) are three NHSESs over A, then 
(1) ((f1, Gi) A (fa, Ga)) A (hg, Gg) = (fi, Gi) A ((ha, G2) A (ha, G3)) 
(2) ((A1,G1) V (he, G2)) V (3, G3) = (A, G1) V ((Re, Ga) V (As, Gs)) 
(3) (fi, G1) V ((A2, G2) A (As, G3) = ((A, Gi) V ((R2, Ga)) A (A, Gi) V (fis, Gs) 
(4) (fx, G1) A (Rez, Ga) V (hg, G3)) = ((fi1, G1) A ((f2, G2)) V (fi, G1) A (3, G3)). 


5. Basic Properties and Laws of Neutrosophic Hypersoft Expert Set Operations 


In this important part of the paper, certain important characteristics and laws are explained 
for NHSES. 
Here (h, G), (h, G1), (A, Go), (h, G3) and (h,,G) are NHSESs over A 


e Idempotent Laws 
(a) (A, G) U (A, G) = (A, G) = (A, G) Up (A, G) 
(b) (A, G) N(R, G) = (h, G) = (A, G) Me (A, G) 
e Identity Laws 
(a) (h,G) U (h, G)e = (h,G) = 
(b) (A, G)N (A, G)a = (h, G) = (h,G) Me (A, Ga. 


| 
= 
C 

x 
= 
a 

6 


e Domination Laws 
(a) (h, G) U (h, G)a = (h, G)a = (h, G) UR (h, G)a 
(b) (A, G)N (A, G)o = (A, G)o = (A, G) Ne (A, G)o. 


e Characteristic of Exclusion 

(h, G) U (A, G)* = (A, G)a = (hf, G) UR (hi, G)S. 
e Characteristic of Contradiction 

(h, G) N (A, G)*® = (A, G)e = (A, G) Me (h, G)°. 
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e Absorption Laws 


(a) (h, Gi) U ((A, Gi) 9 (A, Gi) = (h, Gi) 


(b) (h, Gi) N ((A, Gi) U (A, G1)) = (A, G1) 
(c) (A, Gi) Ur ((R, Gi) Me (A, Gi)) = (A, G1) 
(d) (h, G1) Ne ((h, Gi) UR (h, Gi)) = (A, G1). 


e Absorption Laws 


(a) ((A, G1) U (A, G2)) = ((A, Gi) U (A, Ga)) 
(b) (2, Gi) Ur (A, G2)) = ((A, Gi) Ur (A, G2)) 
(c) ((2, Gi) N (A, G2) = ((A, G1) 9 (A, G2)) 
(d) ((2, G1) Me (A, G2)) = ((A, Gi) Ne (fh, G2)). 


Associative Laws 

a) (h, Gi) U ((R, G2) U (Ar, G3)) = ((A, Gi) U (A, Ga)) U (Ar, Gs) 

b) (A, Gi) UR ((R, Ga) Ur (Ar, G3)) = ((A, Gi) UR (A, G2)) Ur (Ar, G3) 
c) (h, G1) 9 ((R, Ga) N (fi, Gs) = ((A, G1) 9 (A, G2)) N (Ma, Gs) 

d) (A, Gi) Me ((R, G2) Me (Ai, G3)) = ((A, Gi) Ne (A, Ga)) Me (Ai, G3) 
e) (h, G1) V((h, G2) V (A, G3)) = ((h, G1) V (A, G2)) V (A, Ga) 

) (A, Gi) A((A, G2) ACA, G3)) = (A, Gi) A(R, G2)) AC, Gs). 


e De Morgan’s Laws 

a) ((h, Gi) U (Rh, G2))° = (R, G1)* Ne (A, G2)® 
b) ((A, G1) Me (h, G2))° = (h, G1)° U (h, Go) 
c) ((A, G1) V(A, G2))* = (A, Gi)° A(R, G2)° 
d) ((A, G1) A(R, G2))° = (RB, Gi)° V (A, G2)°. 


( 
( 
( 
( 
( 
(e 
( 
( 
( 
( 


Distributive Laws 


(a) (h, G1) U ((A, Ga) N (A, Ga)) = ((A, Gi) U (A, G2)) N ((A, Gi) U (fi, Ga) 

(b) (A, G1) A ((A, G2) U (fi, Gz)) = ((A, Gi) 1 (A, Ga)) U ((A, Gi) N (fii, Gs)) 

(c) (A, G1) Ur ((A, G2) Ne (M1, G3) = ((R, G1) Ur (A, G2)) Ne ((A, G1) Ur (fi, G3) 
(d) (R, G1) Ne (A, G2) Ur (1, G3) = ((R, G1) Ne (2, Ga)) Ur ((A, G1) Me (fi, Gs) 
(c) (R, G1) Ur ((A, Ga) N (fr, Ga)) = ((A, G1) Ur (A, Ga)) 9 ((A, G1) Ur (1, Ga)) 
(e) (A, G1) 9 ((R, Ga) Ur (fi, G3)) = ((A, Gi) N(R, Ga) Ur ((A, G1) 9 (A, Gs). 


6. Hybrids of Neutrosophic Hypersoft Expert Set 


In this study, some hybridized structures of NHSES are presented. Suppose Y denotes the 
set of expert and O be a set of opinions, T = F x Y x O. Taking A C T and A denotes the 


universe, while F used for parameters. 
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Definition 6.1. A bipolar neutrosophic hypersoft expert set is a pair (B, A) and is character- 


ized by a mapping 


:A— P(A) 


where 


(B, A) = {(2, UB (6) (0); Vi5(6) (2), Wie) (a); VE) (@), Vp (6) (2), Wp(¢)(@)) :Ve€ A,x € A} 


+ + +. - - - 
, where VB(e) YB(e)“B(e) ° A - (0, 1], VB(e) YB(e)“B(e) ° A = (0, 1]. 
Example 6.2. Considering Example with A = {w1,w2}, we have bipolar neutrosophic 


hypersoft expert set as 


(v1.61), | papsod- 0102 —03S? LO10506 0205-025 ) , 
(v1,4,1), 4 aaoaos—oTco1 coms’ SDSOS-OLSoDoES fp)? 
(v1,e, 1), DIDTOE OSLO OS? Bs 5 06070504 , 
(v2,¢,1), IIs 0S OTS Aste 0107 04s ’ 
(B, A) = (v2, 4,1), ) =p.t0506—0%-03,04S’ 20306070 1L203,-045 f)> 
(v2, e, 1), BS 0TOT 0 LLOD 05S? EOL -0E 00a fe 
(v1,¢,0), | aoapa01—0 12055035? 108050 LST 05S f)> 
(v1, 4,0), ) aorpEoa 0 LOT 03S’ SOROTOS-0La0a=oas fp) 
(v1, e,0), DIOTOS 00S OES? BDEUIOG-0L 0304S , 


Definition 6.3. A complex neutrosophic hypersoft expert set (C,A) is characterized by a 
mapping 


C:A3CN4S 


where CN“ denotes the collection of all complex neutrosophic subsets of A and 


(C, A) = {(2, vc(e)(£), Yale) (£), Wore) (@)) : Ve € A, x € A}, where 
Vo(e) (2) = aC(e)(2).P CO), vq(¢) (x) = bC(e)(x).° CO), wore) (x) = eC(e)(x).P COM 


for all u € A while vie), Yc(e);¥o(e) are complex-valued truth, indeterminacy and _fal- 
sity membership functions and these values lie within the unit circle in the complex 
plane and both the amplitude terms aC(e)(x),bC(e)(x),cC(e)(x) and the phase terms 
uC(e)(x), vC(e)(x), wC(e)(x) are real valued such that 0 < aC(e)(a)+6C(e)(x)+cC(e)(x) < 3 
while aC(e)(x), bC(e)(x), cC(e)(x) € [0, 1]. 
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Example 6.4. Considering Example [3.3 we have complex neutrosophic hypersoft expert as 


Cc W1 Ww2 
1,°, ? (0. 1e927 (0.3) | 0.6e327 (0.3), 0.7¢32%(0.3)) ? (0.9e927 (0-3) | 0.7927 (0.3) | 0.8e327(0.3)) 


Wi W2 
(0. QeI27 (0.3) | 0.6e327 (0.3), 0.3e32"(0.3)) ? (0.127 (0.3) | 0.8¢927 (0.3) | 0.2¢e927(0.3)) 


WI Ww2 
(0. 6eI27 (0.3), 0.7¢927 (0-3) | 0.8e327(0.3)) ? (0.6e327 (0.3) | 0.9327 (0-3), 0.2e327(0.3)) 


W1 W2 
(0. 4eJ27 (0.3), 0.5e427 (0.3), 0.4¢e32%(0.3)) ? (0.1e927 (0-3) | 0.8¢927 (0.3) | 0.5¢927(0.3)) 


(C, A) = 


WI W2 
(0. 4eJ27 (0.3) | 0.7e927 (0-3) | 0.2e327(0.3)) ? (0.4e927 (0.3), 0.6e27 (0-3) | 0.6e327 (0.3)) 


OOO ee A~"”” 


W1 W2 
(0. 3eI27 (0.3), 0.3e427 (0.3), 0.2e327(0.3)) ? (0.1e2* (0.3) | 0.6e927 (0.3) | 0.1e327(0.3)) 


Wi W2 
(0. TeJ27 (0.3) | 0.4e327 (0.3) , 0.2e327(0.3)) ? (0.1e92* (0.3) | 0.6e927 (0.3) | 0.2e327(0.3)) ? 


W1 w2 
(0. 6eI27 (0.3), 0.7€927 (0-3) 0.4e927(0.3)) (0.5e927 (0.3), 0.9327 (0-3), 0.4e927(0.3)) ’ 


Wi w2 
| (0. 4eI27 (0.3) | 0.7e527 (0.3) | 0.4e327(0.3)) ? (0.6e527 (0.3) , 0.8e527 (0.3), 0.1e427(0-3)) 


W1 W2 
(0. 6eI27 (0.3) | 0.7e927 (0.3) | 0.5e327(0.3)\ ? (0.7e927 (0.3) , 0.9e527 (0.3), 0.3e327(0.3)\ 


Definition 6.5. A pair (F, H) is called a fuzzy parameterized complex neutrosophic hypersoft 
expert set(FP-CNHSES) over A, where F' is a mapping given by 


FP: SCN* 


where CN4 is the collection of all complex neutrosophic subsets of A. 
It can also be written as (F, H) = {(t, |-s= Oe A}) :t€ H} 
where H CGxDxC= { (st :B,yE A) :a@E€G, BED, VE c} with S is a corresponding 


membership function of fuzzy set and 


(F, H) = (2, vc(e) (2); Vere) (2), Woe) (Z)) : Ve € Hx € A, 
where 
vole (x) = aC(e)(x).P OO), vere) (x) = bC(€) (x). FO), wore) (x) = cC(€) (x). ACO) 


for all x € A while Uc(e), Yc(e), Wc(e) are complex-valued truth, indeterminacy and falsity 
membership functions for or the FP-CNHSES and these values lie within the unit circle in the 
complex plane and both the amplitude terms aC(e)(x), bC(e)(x), cC(e)(x) and the phase terms 
uC (e)(x), vC(e)(x), wC(e)(x) are real valued such that 0 < aC(e)(x)+bC(e)(x)+cC(e)(x) < 3. 
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Example 6.6. Considering Example [3.3] with S = {25,33 FB} as a fuzzy subset of FZ(E). 
We can define FP-CNHSES as 


(4 c 1) W1 w2 
0.29 ? (0.1e27 (9-2), 0.6e27 (0.2) , 0.7e27(0.2)) ? (0.9€27 (0-2) , 0.7e27 (0-2) | 0.8e27 (0. 2)\ 
(2, d,1) wi we 
0.39” ? (0.2627 (0-2) , 0.6e27 (0.2) , 0.3e27(0.2)) ? (0.1e27 (0-2) , 0.8¢27 (0-2) | 0.2e27 (0. 2)) 
(28, e, 1) wi we 
6.53" ’ (0.6e27 (0.2) , 0.7e27 (0.2), 0.8¢27(0.2))? (0.6€27 (0.2) , 0.9e27 (0.2) | 0.2e27 (0. 2)\ 
(24,,¢,1) wi we 
0.2° ? (0.4€27 (0-2) , 0.5¢27 (0.2) , 0.4e27(0.2))? (0.1e27 (0-3) , 0.8¢27 (0-2) | 0.5e27 (0. 2)\ 
(2, d,1) wi we 
(F H) -_ 0.37% ? (0.4e27 (0.2) , 0.7€27 (0-2) | 0.4e27(0.2)\ ? (0.6e27 (0.2) , 0.8e27 (0.2) , 0.1e27 (0. 2)) 
(#8, e,1) w1 we 
0.59” ’ (0.4e27 (0.2) , 0.7e27 (0.2), 0.2e27(0.2))? (0.4€27 (0.2) , 0.6e27 (0-2) | 0.6e27 (0. 2)) 
(4 Cc 0) W1 w2 
0.29 ’ (0.3€27 (0-3) , 0.3¢27 (0.2) , 0.2e27(0.2)) ? (0.1e27 (0-3) , 0.6¢e27 (0-2) | 0.1e27 (0. 2)\ 
(22 d 0) W1 Ww2 
0.379” ’ (0.7€27 (0-2) , 0.4e27 (0.2) , 0.2e27(0.2)) ? (0.1e27 (0.2) , 0.6627 (0-2) | 0.2627 (0. 2)\ 
(22 e 0) WI W2 
0.59” ’ (0.6e27 (0.2) , 0.7e27 (0.2) , 0.4¢227(0.2))? (0.5e27 (0-2), 0.9e27 (0.2), 0.4e27 (0.2)) 
(3 Cc 0) W1 W2 
0.20 ’ (0.6€27 (0-2) , 0.727 (0.2) , 0.5e27(0.2)) ? (0.727 (0-3) , 0.9e27 (0-2) | 0.3e27(0.2)) 


Definition 6.7. A pair (V,A) is called a neutrosophic vague hypersoft expert set is a pair 
(V, A), with V representing a mapping V : A > NV4, and NV4 is being used for the power 
neutrosophic vague set of A. Let mapping V is defined by as V(t) = V(t)(x), x € A. For 
each t; € A, V(ti) = V(ti)(x), where V(t;) represents the truth, indeterminacy and falsity 
membership functions of A in V(t;). Hence V(t;) can be written as 

V(t) = { ogi}. for i= 1,2,3.... 

where V(t;)(ai) = [v —w(ti) (ai), v + w(ti)(@2)], LE — w(t) (ai), P+ w(ti) (@)], lw — w(ti) (wi), w + 
w(t;)(a;)]| and v + w(t;)(aj;) = 1 — w(t)(aj),w + w(t)(a;) = 1-— uv — w(t)(x;) with 
[vw (ti)(ai),v + w(t) (x;)], [LE — w(ti) (as), J + w(ti)(a;)] representing the truth, indeterminacy 


and falsity-membership functions of each of the elements x; € A, respectively. 


Example 6.8. Considering Example with A = {w1,w2}, we have neutrosophic vague 


hypersoft expert set as 


Wi Ww2 
(v1,¢,1), <0.2,0.5],[0.4,0.1],|0.2,0.3)>? <0.1,0.3), ctorwanas }) , 
w1 we 
(v1,d,1),4= 0.4,0.2],[0.3,0-1],[0.1,0.2)>’ <0.2,0.5],[0.3,0.1],0.2,0.5])> f)? 
(v1, e, 1) wi we 
> | <[0.7,0.2],[0.3,0.8],[0.1,0.6]> ’ <[0.3,0.5],[0.6,0.2],[0.3,0.4]> u 
(v2, c, 1) w1 we 
> | <[0-9,0-1),[0-3,0.3],[0.2,0.1]>° <[0.3,0-4],[0.8,0.1],[0.7,0.4> f )> 
= Wi W2 
( » A) — (v2, d, 1), <[0.4,0.5],[0.6,0.2],/0.3,0.4]>? <[0.2,0.6],[0.7,0.1],[0.3,0.4]> ) : 
(v2,,1) ” uy 
» | <[0.5,0.4],[0.7,0.1],[0.2,0.3]>° <[0.8,0.1],[0.6,0.2],[0.2,0.3]> ? 
(v1, c, 0) wi we 
>) <[0.3,0.2],[0.1,0.1],[0.2,0.3]> % <[0.1,0.8],[0.3,0.1],[0.7,0.2]> ‘ 
w1 we 
(v O15 d, 0), <[0.1,0.8],[0.4,0.1],[0.2,0.3]>’° <[0.2,0.7],[0.5,0.1],[0.3,0.4]> ) ? 
WI w2 
(v1,€,0), 4 zoxprT5 OI OS0aS? <5 04) 106,0.1) (0304) ) , 
Muhammad Ihsan, Muhammad Saeed, Atiqe Ur Rahman, Neutrosophic Hypersoft Expert 
Set with Application in Decision Making 


Neutrosophic Sets and Systems, Vol. 50, 2022 454 


7. An Application to Neutrosophic Hypersoft Expert Set 


An application of NHSES theory related to the decision-making problem is presented while 
using an algorithmic technique.. 
Statement of the problem 
Mr Jay needs to buy a mask from a business opportunity for his own wellbeing. He takes help 
from his a few companions (Henry, John and Watson) who have skill in mask buying. 
Proposed Algorithm For Selection Of Mask 


The accompanying calculation is embraced for this choice (purchase). 


Compute dj= >¢, ti; for Agree-NHSES, 
Determine qj= >; ti; for Disagree-NHSES, 


Step-1 

Let eight categories of mask which are being used for the universe of discourse Q = 

{b1, bo, bs, ba, bs, bg, 67, bg} and X = {p, = Henry, p2 = John, p3 = Watson} be a set of 

experts. The prescribed attributes for the attribute-valued sets are : 

O; = Brand = {o1 = new, 02 = old} 

O2 = Price = {03 = 100dollar, 04 = 50dollar} 

Oz = Colour = {os = black, og = blue} 

O4 = Quality = {07 = good, og = better} 

Os = Shape = {09 = circular, 019 = square} 

and then O = O, x Og x O3 x O4 X Os 
(01, 03, 05, 07, 09), (01, 03, 05, 07, 010), 


01, 03, 06, 07, 010); (01, 03, 06, Og, 09), 


), (01, 03, 05, 08, 09), (01, 03, 05, O8, 010); (01, 03, 06; 07; 09), 
); (01, 03, 06, 08, 010); (01, 04, 05, 07, 09), (01, 04, 05, 07; O10), 
01, 04, 05, 0g, 09), (01, 04, 05, 08, 010), (01, 04, 06, 07, 09), (01, 04, 06, 07, 010), (01, 04, 06, O8, 09), 
01, 04; 06; 08, 010), (02; 03, 05, 07, 09), (02, 03, 05, 07, 010), (02, 03, 05, O8, 09), (02, 03, 05, 08, O10); 
), (02, 03, 06, 0g, 09), (02, 03, 0g, 08, 010), (02, 04, 05, 07, 09), 
) ),¢ 
) 


02, 04, 05, 08, 010); (02, 04, 06, 07, 09 ) 02, 04, 06,07, 010); 


02, 03, 06, 07, 09), (02, 03, 06, 07; O10); 
02, 04, 05, 07, 010), (02, 04, 05, 08, 09), 
02, 04, 06, 08, 09), (02, 04; 06, O8; O10 
Now take Q C O as 

Q = {q = (01,03,05,07,09),q2 = (01,03,06,07,010),93 = (01,04,06,08,09),q4 = 
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(02, 03, 06, 08, 09), 5 = (02, 04, 06, 07, 010) } 


((q1, 01,1) = {02, 03, 04, 05, 06, O8}), (41; 02, 1) = {01, 02, 03, 07 }) , ((G2, 01,1) = {05, og}), 
((q2, 02,1) = {01, 02, 03, 04, 05, 06, Og}) , ((3, P1, 1) = {04, 07}), ((43, 02,1) = {01, 02, 04, 05, Og}) , 
((q3, 03, 1) = {01, 05, 07, 08}), 
((44, p1, 1) = {01, 07, o8}), (G4; P2,1) = {01, 04, o8}) , (G4; p3,1) = {01, 06, 07, o8}) , 
((q5, 01,1) = {03, 07, 08}), (45, P21) = {01, 02, 03, 04,05, 08}) , (45, 23,0) = {01, 03, 06}) 

(h,G) = ((95, 03, 1) = {02, 03, 05, 07, O8}) , ((41, P1, 0) = {03, 05, O6}), (G1; P2,0) = {02, 03, 06, 07}) , 
((q1, 03,0) = {03, 04}) , ((42, p1, 0) = {01, 02, 04, 05,06, 07}), ((G2, P2,0) = {02, 07}), 
((q2, 03,0) = {02, 03, 04, 05, 06 }) , ((43, 21,0) = {01, 02, 06, 08}), ((43, P2,0) = {03, 04, 06, 07}) , 
((q3, 03,0) = {02, 03, 04, 05, 07}), (95, 01,0) = {04, 06, O7}) , ((G4; P1, 0) = {02, 03, 03, O04, 05, 07}), 
(44, 03,0) = {02, 03, 04, 05}) , ((95, 2,0) = {02, 03, 06, 07}) , 
((q1, 03, 1) = {01, 03, 04, 06, 07, O8}), ((G4; P2,0) = {02, 03,06, 07}) , 
((q2, 03, 1) = {01, 02, 04, 07, Og}) , 

is a NHSES. 

Step-2 


The Agree and Disagree-NHSES are represented by Table 1 and Table 2 respectively, also 
when 0; € F(8) then oj; = V = 1 diversely 0;; = x = 0, and if 


0; € Fo(B) 


then 0;; = V = 1 diversely 0;; = x = 0 while 0,;; are being used as members of Tables 1 and 
2. 

Step-(3-5) 

presents The dj= )7, 0;; for Agree-NHSES, qj= )°, 0;; for Disagree-NHSES are presented in 


Table 3 and g; = d; — q; have been shown and to choose product p,= max p; for solution. 


Step-6-Decision 


Since gg is maximum in above Table 3, so category bg is preferred to be selected for purchase. 


8. Conclusions 


In this paper, 

e The fundamentals of neutrosophic hypersoft expert set are established and some neces- 
sary properties like subset, equal set, agree and disagree set, relative whole and relative 
null set, absolute whole set are explained with detailed examples. 

e Some theoretic operations like union, restricted union, intersection, extended intersec- 
tion, complement, AND and OR are generalized. 

e Some basic laws such as idempotent, absorption, domination, identity, associative and 


distributive are discussed with examples. 
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(3 


TABLE 1. Agree-NHSES 


B by bo b3 ba bs be by bg 
(p1; P1) x Vv Vv Vv Vv Vv x x 
(p2, p1) x v x x x x Fa x 
(ps, p1) x x x Vv x x Vv x 
(pa, p1) ¥ x x x x x ¥ V 
(ps, P1) Vv Vv Vv Vv x x x Vv 
(p1, p2) v x Vv x x x v x 
(pe, p2) Vv Vv Vv x Vv Vv x Vv 
(ps3, p2) x v Vv x x x Vv x 
(pa, P2) ¥ x x x x x x ¥ 
(ps, P2) x x x x v x x x 
(p1, p3) Vv x Vv Vv x Vv Vv x 
(p2, p3) "4 "4 x "4 "4 x "4 x 
(p3, P3) v x v x v x v x 
(pa, P3) v v v V x v V x 
(ps5, p3) x Vv Vv v Vv x v x 
dj=S,nij d,=09 dg=08 ds=9 di=7 d3s=06 dg=4 dy=10 dg=11 


TABLE 2. Disagree-NHSES 


B bi by bs ba bs be by bs 
(Pi, p1 x x v x x v x x 
(pe, p1) v v x v x v v x 
(D3, P1 Vv v x x x v x Vv 
(Pa, pi x "4 "4 "4 v v x x 
(ps5, p1) x x x "4 x "4 "4 x 
(Pi, p2 x v v x x Vv Vv x 
(p2, p2) x "4 x x x x "4 x 
(p3; p2) v v x x x WA x Vv 
(pa, p2 x v V x x V V x 
(ps5, p2) x "4 "4 x x "4 "4 x 
(p1, p3 x x v v x x x x 
(po, P3 x x v x v v x x 
(p3, p3) x Vv Vv Vv Vv Vv x x 
(pa, p3 x v v Vv v x x x 
(ps, P3) x v x v x v x x 
p= > hy n=3 p2=11 ps3 =9 pa=T7 ps =4 Po=12 pr=6 pg = 2 


e Some hybridized structures of neutrosophic hypersoft expert set are established with 


illustrative examples. 
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TABLE 3. Optimal 


d= D0, Mig = i Mig 95 = dj — 45 
d, = 09 a=3 g, =6 

dz =8 qg2 = 11 g2 = -3 
d3 = q3 = 9 93 = 

d4 = qa = 7 ga =0 

ds = 06 ds =4 95 =2 

dg =4 dg = 12 gs = —8 
d7 = 10 q7 = 6 g7=4 

dg =11 gg = 2 gs =9 


e An algorithm is developed to explain the procedure of decision making problem. 

e An application related to the mask purchasing is described with the help of proposed 
algorithm. 

e Future task may include the extension of the existing work for other neutrosophic 
hypersoft expert-like hybrids i.e., generalized neutrosophic, generalized interval val- 
ued neutrosophic, neutrosophic vague , interval-valued neutrosophic, etc. This new 
work will give an outstanding extension to existing theories for dealing with truthness, 


indeterminacy and falsity membership functions. 
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